Background: Administrative data are commonly used to examine orthopedic outcomes including total hip arthroplasty (THA), but little is known about how minor analytic decisions impact results. Our objective was to examine how the rates of 3 adverse outcomes (deep vein thrombosis [DVT], pulmonary embolism [PE], and hemorrhage) varied with subtle adjustments to our analytic method. Methods: We used Medicare Part A data to identify all beneficiaries who underwent primary or revision THA during 2007 to 2008. We used 2 published algorithms (Katz/Cram and Patient Safety Indicators [PSIs]) to identify cases of DVT, PE, and hemorrhage occurring at 3 different points in time; index admission; 30-day readmission; and index admission plus readmission. We used the kappa statistic to compare the agreement between methods. We examined variation in complication rates across hospitals using regression models that adjusted for differences in patient demographics and comorbidity. Results: Among 202 773 primary and 40 973 revision THA patients, the agreement between the Katz/Cram and PSI methods was excellent for DVT and PE at all time points (kappa 0.95-1.0) but poor for hemorrhage (kappa 0.07-0.29). The incidence of DVT during the index admission among the primary THA cohort was 0.40% using the Katz/Cram method and 0.37% using the PSI method. The incidence of hemorrhage during the index admission among the primary THA cohort was 1.29% using the Katz/Cram method and 0.05% using the PSI method. We found significant variation in hospital rates of all 3 complications (DVT, PE, and hemorrhage). For example, the mean rate of hemorrhage at index admission or readmission for revision THA was 5.7% (standard deviation: 12.8%); we found 137 hospitals with hemorrhage rates of 25% or higher among their revision THA patients. Discussion: We found important differences in the rates of THA complications depending upon the coding algorithms and time frame employed. Our results suggest that administrative data can be used to evaluate THA complications but that methodology should be carefully considered.
Background
Administrative data derived from insurance claims (ie, bills) that hospitals and physicians submit to payors are a common source of data for health services research. 1, 2 Advantages of administrative data include their widespread availability, relatively low cost, and high degree of generalizability. 3, 4 In the hands of experienced research teams, administrative data can be useful in evaluating trends in health care utilization of particular procedures, evaluating variation in care across the United States, and assessing patient outcomes. [5] [6] [7] [8] At the same time, there are important limitations to administrative data. 9 Understanding these limitations is far more than an academic exercise, given the accelerating trend toward using administrative data in public reporting of hospital quality and hospital reimbursement through pay-for-performance programs. [10] [11] [12] [13] While the benefits and limitations of administrative data have been extensively studied in the area of cardiovascular disease, 14, 15 experience is much more limited in the area of orthopedics. 16, 17 In particular, it remains uncertain how well administrative data capture key orthopedic outcomes (ie, complications) and the trade-offs involved in the various coding algorithms being used by investigators. 8, 18, 19 Studies commonly differ with regard to the particular codes used in identifying complications as well as the time frame during which complications are examined (ie, in hospital, within 30 days of hospital admission, within 30 days of surgery, and within 30 days of hospital discharge). 8, 20 Though there is growing appreciation that this variation in methodology can have a major impact on study results and conclusions, few studies have systematically evaluated how these methodological factors impact outcomes. 21 The primary objective of our study was to compare the performance of commonly used coding schemes for identifying 3 common complications after primary and revision total hip arthroplasty (THA): deep vein thrombosis (DVT); pulmonary embolism (PE); and hemorrhage. 18, 19 Our secondary objective was to examine how the prevalence of these complications (DVT, PE, and hemorrhage) differs depending upon whether the complications are identified during the index admission alone, readmission alone, or during both the index admission and the readmission. More broadly, through these analyses, it is our intention to inform researchers, policy makers, and clinicians of the important implications of seemingly obscure coding decisions on the reported outcomes of joint arthroplasty surgery.
Methods Data
We used Medicare Provider Analysis and Review (MedPAR) Part A data files to identify fee-for-service beneficiaries who underwent primary or revision THA in 2007 or 2008. Patients were identified using International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) procedure codes 81.51 for primary THA and 00.70, 00.71, 00.72, 00.73, 80.05, and 81.53 for revision THA. 3, 18, 22, 23 The Part A files contain a range of data collected from discharge abstracts for all hospitalized fee-for-service Medicare enrollees including patient demographics; ICD-9-CM codes for primary and secondary diagnoses and procedures; admission source (eg, emergency department or transfer from outside hospital); admission and discharge dates; discharge disposition (eg, home, nursing home, transfer to another acute-care hospital, and dead); death occurring up to 3 years after discharge; each patient's unique Medicare beneficiary number allowing for identification of patient readmissions; and each hospital's unique 6-digit identification number. Comorbid illnesses present on the index admission were identified using algorithms described by Elixhauser et al, 24, 25 which consider 30 specific conditions and exclude comorbid conditions that may represent complications of care or that are related to the primary reason for hospitalization.
After identifying the primary and revision THA cohorts, we applied different exclusion criteria to each group of patients. In particular, as primary THA is most often an elective procedure we excluded patients with acute fractures (N ¼ 14 151), patients admitted through the emergency department (N ¼ 2367), and patients admitted as transfers from other acute care hospitals (N ¼ 283) in accordance with prior studies. 26 Our revision THA population did not exclude these populations because revision THA is often an emergent or unscheduled procedure and thus exclusion of these populations would not make sense. We also excluded index admissions that occurred after November 30, 2007 , to ensure a full 30-day follow-up period for each patient. All subsequent analyses were performed separately for the primary and revision THA cohorts.
Outcomes of Interest
Our primary outcomes of interest were the occurrence of DVT, PE, or bleeding in our 2 cohorts (primary THA and revision THA). There is no established standard for identifying these outcomes in administrative data, and there are few studies comparing the coding schemes that have been proposed with the gold standard for identifying postoperative complicationsmedical record review-outside of the work by Katz et al. 18 There are 2 widely available coding schemes that have been proposed in the literature (Table 1) : one developed by Katz et al and updated by our research team 8, 18 ; and the second developed by the Agency for Healthcare Research and Quality as part of its efforts to develop surgical Patient Safety Indicators (PSIs). 19 The Katz/Cram and PSI measures were developed in different ways that are important to understand and have implications for the different coding schemes that they include. The Katz et al measures were developed during the mid-1990s to examine outcomes including DVT and PE following THA using both Medicare inpatient and outpatient administrative data; our research team updated the Katz coding in 2007 to include postoperative hemorrhage. 8 In contrast, the PSIs were developed with a much more general objective of developing a system of coding schemes that would allow policy makers and researchers to use administrative data sources to screen for hospitals with potential quality across a diverse spectrum of patients and conditions 19 ; a particularly important difference between the Katz and PSI algorithms is that the PSI were not developed specifically for joint arthroplasty and were developed exclusively to look at complications during the index hospital admission.
Statistical Analysis
First, we examined the demographic characteristics and prevalence of key comorbid illnesses for the primary and revision THA populations. We did not conduct statistical testing as comparing the demographics of the primary and revision patients was not central to our study.
Second, we applied the Katz/Cram and PSI coding algorithms to identify DVT, PE, and hemorrhage separately in the primary and revision THA cohorts. The Katz/Cram and PSI algorithms were used to identify each complication at 3 different time points: (1) index admission only; (2) readmission within 30 days of the index admission only; and (3) index admission plus readmission. We used kappa statistics to compare the agreement between the Katz and PSI methods (range 0-1, with 0 indicating no agreement and 1 indicating perfect agreement between methods). 27 We calculated the percentage of primary and revision THA patients experiencing each of the adverse outcomes (DVT, PE, and hemorrhage) at each of the 3 study time points using the 2 coding schemes (Katz and PSI).
Third, we applied multivariable regression models to examine the variation in the hospital complication rates for DVT, PE, and hemorrhage. Specifically, we used generalized linear models with random intercepts for each hospital to calculate the adjusted rates of each complication after adjusting for differences in patient demographics (age, race, and sex) and comorbidities. Rates were calculated separately for primary and revision THA using the 2 different coding algorithms. We used graphical methods to plot the distribution of hospital complication rates for DVT, PE, and hemorrhage. We conducted additional sensitivity analyses in which we also adjusted for hospital THA volume and patient length of stay (LOS) to examine the robustness of our findings.
All analyses were conducted separately for the 2 study cohorts (primary joint arthroplasty and revision joint arthroplasty). All P values are 2-tailed, with P values less than .05 deemed statistically significant. All statistical analyses were performed using SAS 9.2 (SAS Institute Inc, Cary, North Carolina). This project was approved by the University of Iowa Institutional Review Board. 
Results
Our study population consisted of 202 773 patients who underwent primary THA and 40 973 who underwent revision THA during 2007 to 2008. The characteristics of the primary and revision THA patients are displayed in Table 2 . As expected, patients who underwent revision THA procedures tended to be older and had more comorbid conditions than patients who underwent primary THA. The incidence of DVT during the index admission among the primary THA cohort was 0.40% using the method proposed by Katz et al and 0.37% using the PSI method ( Figure 1 ). The incidence of DVT identified on readmission within 30 days of the index admission for primary THA was 0.42% using both the Katz et al and PSI methods, while the incidence of DVT on index admission or readmission was 0.80% using the Katz method and 0.77% using the PSI method (Figure 1) . The incidence of PE on index admission was 0.24% using the Katz method and 0.23% using the PSI; the incidence of PE at index admission or readmission was 0.45% using the Katz method and 0.44% using the PSI method (Figure 1) .
Agreement between the Katz and PSI methods was excellent for identification of both DVT and PE at all 3 time points, with kappa values ranging from 0.95 to 1.0 (Table 3) . Alternatively, the rates of hemorrhage differed markedly after primary THA at all 3 time points according to the method that was employed ( Figure 1 ). For example, the incidence of hemorrhage during the index admission among the primary THA cohort was 1.29% using the Katz/Cram method and 0.05% using the PSI method. Similarly, the incidence of hemorrhage during either the index admission or readmission was 1.86% using the Katz/Cram method and 0.15% using the PSI method. This lack of agreement between the Katz and PSI methods for identification of hemorrhage is reflected in low kappa values (range 0.07-0.29; Table 3 ). Rates of all 3 complications were markedly higher in the revision THA population as might be expected ( Figure 2 ). Likewise, agreement between the Katz and PSI methods was excellent for DVT and PE but poor for hemorrhage (Table 4 ). Looking instead at complication rates at the hospital level, we found significant variation in the rates of all 3 outcomes (DVT, PE, and hemorrhage) for both primary THA and revision THA across hospitals. For example, the mean hospital incidence rate of DVT on index admission for primary THA using the Katz method ( Figure 3 ) was 0.5% (standard deviation: 3.3%); the interquartile range for DVT incidence rate was 0.0% to 0.0%. We found that 20 hospitals had a DVT rate of 10% or greater. Looking instead at hemorrhage among revision THA patients using the Katz method (Figure 4) , the mean rate of hemorrhage among all hospitals at either the index admission or readmission was 5.7% (standard deviation: 12.8%); the interquartile range for hemorrhage was 0.0% to 6.5%. We found that 137 hospitals at a hemorrhage rate of 25% or higher among their revision THA patients at index admission or readmission using the Katz method (Figure 4) . In sensitivity analyses, results were similar when we added adjustment for hospital THA volume and patient LOS.
Discussion
In an analysis of over 200 000 Medicare beneficiaries who underwent THA, we found that the incidence rates of DVT and PE were relatively similar using 2 common algorithms for detecting these surgical complications. Alternatively, we found the incidence rates of hemorrhage differed markedly depending upon the coding algorithm that was used. We also found that the rates of complications were significant from a clinical standpoint, particularly when complications occurring during both index admission and readmission were considered. Lastly we found significant variation in the rates of complications across hospitals even after adjusting for differences in case mix.
A number of our findings warrant further discussion. First, the marked difference in the rates of hemorrhage seen with the Katz/Cram and PSI methods is important to explain. The Katz/ Cram algorithm for hemorrhage includes all patients with diagnosis codes 9981X (postoperative hemorrhage/hematoma) and all patients with procedure codes suggestive of an intervention to control bleeding (procedure codes 388X). Alternatively, the PSI method limits the identification of bleeding complications to those patients with secondary diagnoses and procedures suggestive of these complications in an effort to exclude patients hospitalized for a primary bleeding episode. This difference (primary vs secondary codes related to hemorrhage) makes sense when considering that the Katz algorithms were developed specifically for the joint arthroplasty population while the PSI were developed to be applied to all hospitalized patients irrespective of admitting diagnosis (eg, including patients admitted specifically for management hemorrhage). The consequence, however, is that the PSI measure likely excludes many bleeding episodes that are complications of arthroplasty while the Katz algorithms include these cases. As a result, the Katz method finds a higher rate of bleeding complications than the PSI. Interestingly, data from clinical registries seem to suggest bleeding complication rates of approximately 1.0% to 3% after primary THA consistent with the results yielded by application of the Katz/Cram algorithms. 28, 29 From a practical standpoint, viewing the current study in juxtaposition with registry studies seems to suggest that the PSI measures underestimate the true rates of bleeding complications. It is also important to acknowledge a number of additional issues related to hemorrhage after THA. Prior studies using clinical registry data have reported bleeding complications in 0.5% to 2% of hip arthroplasty procedures depending upon the patient population under consideration and whether the procedure was a primary or revision procedure. [28] [29] [30] Moreover, from a clinical standpoint, all patients undergoing primary and revision THA have at least some minimal amount of blood loss. To the best of our knowledge, there are no studies comparing (ie, validating) the coding schemes that we have used for hemorrhage with goldstandard data obtained from medical record review for the joint arthroplasty population though validation has been performed for other related surgical complications. [31] [32] [33] Second, it is important to comment on the aggregate incidence of the 3 complications included in our study. For patients undergoing primary THA, the incidence of DVT or PE or hemorrhage within 30 days of surgery appears to be between 1.5% and 3.1%; the incidence after revision THA is markedly higher. 34 the complications included in our study are clinically significant for patients even if they are not typically life threatening. As patients and providers increasingly adopt a model of shared medical decision making, our study provides important information that should be used to help patients and their physicians when contemplating hip arthroplasty surgery.
Third, it is important to comment on the marked variation in complication rates observed across hospitals. There is growing appreciation of significant variation in hospital outcomes that cannot be explained by differences in patient comorbidity alone. 10, 37, 38 While much of this research has centered on cardiovascular disease, 39, 40 there is a growing interest in applying such methods to other diseases and conditions. 41, 42 There is particular interest in joint arthroplasty, given the surgical volume and economic importance of these procedures. 26, 43 Our study adds to a small body of emerging data that there is significant variation in hospital-level arthroplasty complication rates. 44 Further study is needed to verify our findings and, if correct, direct quality improvement efforts to these facilities.
This study has a number of limitations that warrant brief mention. First, this study was limited to fee-for-service Medicare beneficiaries and the complication rates we observed are likely to be somewhat lower in a younger non-Medicare population. Second, this study relied upon administrative data and we lacked the ability to fully validate the coding algorithms using the gold standard of medical record review. Nevertheless, we believe that our analysis provides important evidence of the likely range for 3 common complication rates and how complication rate estimates vary depending upon the time horizon being used (ie, in-hospital vs readmission). In conclusion, using Medicare administrative data we found important similarities in the incidence of DVT and PE after THA using 2 common coding algorithms but notable differences in the rates of hemorrhage. We also found marked variation complication rates at the individual hospital level that have not been described previously. In aggregate, our results suggest that administrative data can be used to evaluate complications after THA but that results differ substantially depending upon how the analyses are conducted.
